Murine leukemia virus regulates alternative splicing through sequences upstream of the 5' splice site.
Alternative splicing of the primary transcript plays a key role in retroviral gene expression. In contrast to all known mechanisms that mediate alternative splicing in retroviruses, we found that in murine leukemia virus, distinct elements located upstream of the 5' splice site either inhibited or activated splicing of the genomic RNA. Detailed analysis of the first untranslated exon showed that the primer binding site (PBS) activates splicing, whereas flanking sequences either downstream or upstream of the PBS are inhibitory. This new function of the PBS was independent of its orientation and primer binding but associated with a particular destabilizing role in a proposed secondary structure. On the contrary, all sequences surrounding the PBS that are involved in stem formation of the first exon were found to suppress splicing. Targeted mutations that destabilized the central stem and compensatory mutations of the counter strand clearly validated the concept that murine leukemia virus attenuates its 5' splice site by forming an inhibitory stem-loop in its first exon. Importantly, this mode of splice regulation was conserved in a complete proviral clone. Some of the mutants that increase splicing revealed an opposite effect on translation, implying that the first exon also regulates this process. Together, these findings suggest that sequences upstream of the 5' splice site play an important role in splice regulation of simple retroviruses, directly or indirectly attenuating the efficiency of splicing.